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Cytolytic T lymphocyte precursors (CTL-P) were sensitized in vivo by intraplantar infection of C57BLi6 mice with a lethal dose of rabies virus, strain E R A (ERA). As a result of sensitization CTL-P matured to interleukin-receptive CTL-P (IL-CTL-P) that could be expanded in vitro to Thy-l', Lyt-2' CTL clones in the presence of IL without subjection to antigen-driven selection. After infection with ERA, IL-CTL-Pderived CTL lysed fibroblasts infected with rabies virus but not those infected with another rhabdovirus, the vesicular stomatitis virus. These CTL, however, did not discriminate between fibroblasts infected with the serologically closely related laboratory strains of classic rabies virus, ERA and HEP-Flury, and the serologically distinct rabies-related African isolate Mokola. This finding implies that in vivo sensitized IL-CTL-P recognize common genus-specific determinants expressed on cells infected with members of the lyssavirus genus.
[ 
In vivo induction of cellular immune responses
Female C57BLi6 (H-Zb haplotype) mice, usually used at 6-8 weeks of age, were infected at the left hind footpad with lo7 plaque-forming units (PFU) of either VSV-Ind or ERA.
Application of this dose of ERA at that site causes death within 6 1 2 days post-infection. For immunization, ERA was inactivated with P-propiolactone (PPL; Serva, Heidelberg, FRG) as described [13] . The draining popliteal lymph nodes (LN) were dissected 4 days later and served as source of sensitized lymphocytes.
Microculture system and cytolytic assay
Methods and strategies to determine relative frequencies of rabies-sensitized IL-CTL-P have been described in the preceding report [lo] . In brief, graded numbers of in vivo sensitized LN lymphocytes, starting with 1.6 x lo5 cells, were cultivated with no addition of antigen in 96-well round-bottomed microtiter plates (Greiner, Niirtingen, FRG) for 6 days in minimum essential medium-a without nucleosides (Gibco Europe, Karlsruhe, FRG) which was supplemented as described [14] , plus 10% fetal calf serum (Seromed, Miinchen, FRG) and 20% ILZcontaining medium. CTL generated in these microcultures were detected in a 3-h 'lcr-release assay with lo3 infected and labeled C57BL/6-derived MC57G fibrosarcoma cells [15] as targets. Infection with the rabies viruses ERA, HEP-Flury and Mokola was performed 24 h before use at a dose of 10 PFU/cell in the presence of 50 pg DEAE-dextran (Pharmacia, Uppsala, Sweden) per ml to enhance adsorption and penetration of virus [13] . Infection with VSV-Ind was done at the same dose without DEAE-dextran for 16 h. To test lectin-dependent cytotoxicity, concanavalin A (Con A, Pharmacia) was added at a final dose of 10 pgiml to noninfected MC57G cells and CTL during the effector phase. This dose was found to be optimal for this type of target cell. Precursor frequencies were estimated from the proportion of nonresponding microcultures by two independent methods, the maximum likelihood (ML, [16] ) and the minimum x2 (MC, [17] ) evaluation. According to the proposition of Taswell [17] an estimate was accepted for a probability p > 0.05 and a ML-MC deviation < 10%. Only the results of the MC evaluation are given in the tables. Calculations were carried out on a Commodore CBM model 4032/80 microcomputer with software written in BASIC.
Results

IL-CTL-P are specific for the sensitizing agent
Viral infection causes the sensitization and expansion of CTL-P with specificity for viral or virus-induced antigens. In addition, nonspecific mitogenic effects of the virus could activate precursors with unrelated specificities. In the limiting dilution (LD) experiment shown in Table 1 the frequency of IL-CTL-P was found to be 1 in 39900 lymphocytes when tested on ERAinfected fibroblast targets, whereas lysis of noninfected fibroblasts was not observed. With the intention to detect all IL-CTL-P-derived CTL irrespective of their antigen-specificity, the requirement for antigen was circumvented by the addition of the lectin Con A to the effector phase of the cell-mediated lysis assay [lS] . The frequency was then found to be 1 IL-CTL-P in 36400 lymphocytes, i.e. not significantly different to the frequency evaluated with ERA-infected fibroblasts as target cells. These results indicate that practically all IL-CTL-P are specific for the sensitizing agent. IL-CTL-P-derived CTL expressed the Thy-1.2 and Lyt-2.2 antigens (not shown) and thus a contribution of natural killer cells [19] can be disregarded in this system.
IL-CTL-P can be induced by infection and by immunization
To test whether the generation of IL-CTL-P requires sensitization by an immunogen that might be solely presented during in vivo infection, the frequencies of IL-CTL-P were determined after infection as well as after immunization with different doses of PPL-inactivated virus. A dose of inactivated virus equivalent to the dose of infectious virus used for lethal infection did not elicit a measurable response (Table 2 ). This failure, however, could be overcome when the dose was increased by 10-fold.
Discrimination between distinct rhabdovirus serogroups
C57BL/6 mice were infected either with ERA, or with VSVInd. Table 3 documents that ERA-immune CTL lysed fibroblasts which were infected with ERA but not those infected with VSV-Ind. Accordingly, VSV-Ind-immune CTL lysed only VSV-Ind-infected fibroblasts and not those infected with ERA. These findings allow the conclusion that cells infected with either of these two rhabdoviruses do not share antigens which are relevant for recognition by CTL.
Cells infected with subtypes of rabies virus share an antigen
The main objective of this study was to test whether CTL that were derived by antigen-independent in vitro expansion of in vivo activated IL-CTL-P [ 101 could detect antigenic relationships between serologically distant members of the rabies virus group as was the case for VSV-specific CTL after repeated restimulations [7] . Rabies virus-specific CTL were obtained by infection of C57BL/6 mice with ERA and subsequent in vitro propagation of IL-CTL-P in the presence of IL only. Individual cultures were then split 6-fold and tested on fibroblast target cells which were either noninfected or infected with the sensitizing strain ERA, the closely related strain HEP-Flury, the distantly related strain Mokola and the nonrelated rhabdovirus VSV-Ind. The results are depicted in Fig. 1 . Again, noninfected target cells as well as VSV-Ind-infected target cells were not lysed by ERA-immune CTL but, in addition to ERA-infected target cells, HEP-Flury-infected target cells and also those infected with Mokola virus were lysed.
These results pointed to the presence of a common antigen expressed on cells infected with members of the lyssavirus genus. The observation that the lytic activity detected on ERA-infected fibroblasts exceeded that detected on Mokolainfected ( Fig. 1) as well as on HEP-Flury-infected (not shown in Fig. 1 ) fibroblasts could suggest the existence of ERA serotype-specific CTL in addition to the genus-specific CTL. Differences in the lysis, however, may either be due to separate effector populations specific for distinct antigens or may reflect differences in the susceptibility of the target cells to lysis by one effector population due to quantitative differences in the expression of one type of antigen. Only the rank order of the lytic activities detected in individual cultures by splitting and testing on a panel of target cells is independent of the amount of antigen and, therefore, rank correlation analysis [20] is an appropriate method to decide between these alternatives. The lytic activities measured on the three types of rabiesinfected target cells were found to be strictly correlated (probability for independent distribution S 0.001 in all combinations) and thus it can be concluded that practically all CTL are genus specific. Attempts to inhibit these ERA-induced rabies virus genus-specific CTL with polyclonal rabbit antisera to the ERA virion, G-protein, NC-protein or M2-protein failed (data not shown).
Discussion
This report is part of a study on the CTL response of mice during lethal infection with rabies virus. In a preceding report [lo] it has been demonstrated that in vivo sensitization of rabies-specific CTL-P and in vitro propagation of these activated CTL-P can be separated. Based on this prerequisite a LD protocol was established that allowed us to evaluate the number of activated CTL-P present during early stages of viral infection. Different frequencies, considered to indicate the presence of different maturation stages of triggered CTL-P, were obtained depending on whether the sensitized CTL-P were only expanded by IL (IL-CTL-P) or were subjected to a second sensitization by antigen (antigen-dependent CTL-P).
The distinction of cells on the basis of maturity has also been demonstrated in a herpes virus system with quite different pathogenesis [14] and therefore reflects a more common phenomenon in the in vivo maturation of antiviral CTL.
The generation of CTL by expansion of IL-CTL-P is not influenced by selective effects of antigen in vitro and this advantage was used in the present report to define the fine specificity of anti-rabies CTL. Our study allows the following conclusions: first, practically all IL-CTL-P are specific for the sensitizing agent and belong to the lineage of Thy-l', Lyt-2' lymphocytes. This finding implies that rabies virus does not exert an unspecific mitogenic effect. Second, activation of IL-CTL-P is more pronounced during infection than after vaccination with inactivated virus, provided equivalent doses are used. In earlier reports on the CTL response to rabies virus [21, 221, appropriate doses of inactivated virus were shown to be highly immunogenic and it was stated that only attenuated viruses, but not virulent strains that cause lethal disease, could elicit a CTL response. Our findings after infection with a lethal dose of an attenuated virus add the information that a fatal outcome of the infection within the short period of 6-12 days does not exclude the generation of a CTL response. As far as it is known, there is no extensive rabies virus multiplication at the site of subcutaneous or intramuscular injection [23] . Yet, a more efficient presentation of the antigen or expression of qualitatively different antigens in vivo may be discussed as explanations for the high immunogenicity of infectious virus. Third, practically all rabies-immune IL-CTL-P and their progeny-CTL are "cross-reactive" for cells infected with serologically distant members of the same genus, whereas cells infected with a member of a different genus, e.g. VSV-Ind, are not recognized. Since the specificity of CTL obviously reflects a relatedness that is also confirmed by independent virological criteria, the so-called "cross-reactivity'' is most likely due to recognition of common "genus-specific'' determinants.
Recently it has been reported that all long-term cloned CTL lines derived from VSV-Ind-sensitized CTL do not discriminate between targets infected with the serologically distinct VSV strains VSV-Ind and VSV-New Jersey [7] . To establish such clones, repeated in vitro restimulations with antigen were necessary. The observations after ERA infection of mice confirm this finding in an independent rhabdovirus system and, more important, by the use of an experimental protocol that intentionally avoids in vitro restimulation. Hence, it has to be concluded that the predominance of genus-specific CTL indeed reflects the in vivo situation after infection and does not result from in vitro selection by antigen. 
Introduction
In an immune response to phosphorylcholine (PC) three types of antibodies are made, which are characterized by their structural resemblance to the myeloma proteins TEPC 15 (T15), MOPC 167 (M167) and McPC 603 (M603). They all have the same type of heavy (H) chain which combines with x light (L) chains of the V,,,, Vx24 or Vx8 subgroups, respectively [l] . The H chain of the PC-binding antibodies is encoded by a single gene of the T15 V, gene family, the V l gene [2] . Screening DNA in a Southern blot analysis with a T15 probe indicated
